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Abstract
We show that a U(1) gauge theory dened in the conguration space for
closed p-branes yields the gauge theory of a massless rank-(p+1) antisymmetric








Antisymmetric tensor elds have been introduced in various theories. For
instance, supergravity multiplets in many supergravity theories include anti-
symmetric tensor elds [1]. In p-brane theories it is known that rank-(p + 1)
antisymmetric tensor elds couple naturally to p-branes [2].
In these theories, however, rank-(p+ 1) [ p  1 ] antisymmetric tensor elds
have not been understood in terms of dierential geometry. In order to make
geometric aspects of rank-(p+1) antisymmetric tensor elds clear, Freund and
Nepomechie have introduced the space of all closed p-manifolds embedded in
space{time [3]. This space is nothing other than the conguration space for
closed p-branes. Hereafter we refer to the space as closed p-manifold space. Fre-
und and Nepomechie pointed out that a rank-(p+1) antisymmetric tensor eld
is geometrically characterized as a constrained connection on a U(1) bundle over
the closed p-manifold space. In their paper, only the case p = 1 was discussed
in detail: they derived the gauge theory of a massless rank-two antisymmetric
tensor eld from a U(1) gauge theory in loop space.
In a recent paper [4], the U(1) gauge theory in loop space has been recon-
sidered more elegantly. Thereby it became possible to derive the Stueckelberg
formalism for massive tensor elds, as well as the gauge theory of a massless
rank-two antisymmetric tensor eld, from the U(1) gauge theory in loop space
[4,5].
The purpose of the present paper is to generalize the formulation in ref.[4]
by replacing the loop space by the closed p-manifold space; we indeed obtain
the gauge theory of a massless rank-(p + 1) antisymmetric tensor eld from a
U(1) gauge theory dened in the closed p-manifold space. In addition we show
that the U(1) gauge theory in closed p-manifold space yields the Stueckelberg
formalism for a massive vector eld.





as the set of all closed p-manifolds
embedded in D-dimensional Minkowski space M
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. An arbitrary closed p-
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is nothing other than the loop






Since each closed p-manifold in M
D
itself does not vary under reparametriza-
tions, x

(~) are reparametrization scalar functions on the p-manifold. Thus the
transformation rule of the coordinates (x
~
) under an innitesimal reparametriza-
tion ~ !

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( = 1; 2; : : : ; p), and "

(~) are innitesimal func-
tions of ~.
1)
In this paper, the indices , , ,  and  take the values 0, 1, 2, ..., D 1, while each of
the indices ~, ~, ~ and ~! is a set of p real variables that take values necessary to parametrize
a closed p-manifold.
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[x] = 0 : (3)

















in terms of transverse components of A
~
. However, such an expression is





is Lorentz scalar, since the transverse







[x] = 0 : (4)
The reparametrization-invariant condition for A
~
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 ), which denote a point in M
D







. In a similar fashion to the U(1) gauge theory in loop space
[3,4], we insert the damping factor exp( L=v
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into an action for A
~
so that it becomes well-dened. Here v (> 0) is a con-






= (1;  1;  1; :::;  1), is
the metric tensor on M
D
. The action for A
~











































































The (inverse) metric tensor G
~;~
can be constructed so as to incorporate
reparametrization invariance into the lagrangian L. (Such a metric was actually
dened in the U(1) gauge theory in loop space [4].) In the present paper, how-




(~ ~), disregarding the reparametrization
invariance of L. We understand that the integrations with respect to y
0
(~) are





Let us now try to derive the local gauge theory of a massless rank-(p + 1)
antisymmetric tensor eld on M
D




























































is an innitesimal antisymmetric tensor func-
tion on M
D






































satises the condition (5). Substitution of (9) and (10) into















































































































































































































All the dierential coecients at (x

) in this Taylor series vanish after integra-




j<1. Thus the action (6) with the lagrangian












































































































































Here P denotes a permutation of the numbers 1; 2; : : : ; p, and sgn(P ) takes




possible permutations. Dening the constants k and q
0
so as to satisfy the
normalization condition
 












0) = 1 ; (18)
























The condition (18) is understood with suitable regularizations of the divergent






gauge theory dened by (19).
Since A
~
is a functional eld on M
D
, it appears that A
~
contains an





(4) has an innite number of fundamental solutions written in terms of local
elds onM
D
. Among them, we next examine a fundamental solution consisting
of vector and scalar elds on M
D
.

































is a constant with dimensions of
[length]
 p
, and  is an innitesimal scalar function on M
D
. The solution of (4)
associated with 
(1)
consists of a vector eld A







































































, and e is a constant
with dimensions of [length]
 (p 1)
. Note that A
(1)
~
satises the condition (5).










By direct calculation, the eld strength of A
(1)
~

















































































































































































































. Obviously the right-hand side
of (23) is gauge invariant.
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Substituting (23) into (6) and following the procedure for deriving (19), we
































In deriving this action, we have imposed a certain normalization condition on
the coecient of the F (x)
2




In conclusion, the gauge theory of a massless rank-(p + 1) antisymmetric
tensor eld and the Stueckelberg formalism for a massive vector eld have been
derived from the U(1) gauge theory in p-manifold space. In terms of dierential
geometry, A
~





; as seen from







and the pair of A

and  are regarded as constrained
connections on this U(1) bundle.
Recently, couplings of strings and massive local elds have been discussed
from the point of view of the Lorentz force in loop space [7]. In a similar manner,





A Yang{Mills theory in loop space has also been studied. An essential idea
in this theory is to take a loop group or an ane Lie group as the gauge
group. It was shown that the Yang{Mills theory with the loop gauge group
leads to a non-abelian Stueckelberg formalism for massive second-rank tensor
elds [8], and that the Yang{Mills theory with the ane gauge group yields
the Chapline{Manton coupling [9]. As a next study, it will be interesting to
generalize the Yang{Mills theory in loop space by replacing the loop space by
the p-manifold space. For the case p = 3, a candidate for the gauge group will
be the Mickelsson{Faddeev group [10]. This subject will be discussed in the
future.
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